Introduction
============

Adolescents are often cited as having poor rates of compliance with medical regimens and research protocols compared to other age groups.[@b1-ccrpm-8-2014-005]--[@b5-ccrpm-8-2014-005] Complex and time-consuming regimens are potential reasons for non-compliance.[@b1-ccrpm-8-2014-005],[@b3-ccrpm-8-2014-005] Reports of successful adolescent participation in cohort studies primarily involve questionnaires, treatment regimens, and/or scheduled visits for study procedures that are supervised by research personnel.[@b6-ccrpm-8-2014-005]--[@b9-ccrpm-8-2014-005] Few health studies of adolescents report objective rates of compliance with acquisition of unsupervised measurements including wearing personal monitoring devices for air pollution exposure assessment[@b10-ccrpm-8-2014-005]--[@b14-ccrpm-8-2014-005] and other outcomes.[@b15-ccrpm-8-2014-005]--[@b17-ccrpm-8-2014-005] With continuing advancements in treatment modalities and research tools, it is critical that research protocols include the participation of adolescents; however, concern for non-compliance with complicated protocols may be a deterrent in designing and conducting such studies.

Peak expiratory flow (PEF) monitoring is a useful tool in the management of chronic asthma to detect asymptomatic decline in lung function, monitor response to treatment, and detect impending asthma exacerbation.[@b18-ccrpm-8-2014-005],[@b19-ccrpm-8-2014-005] The 2007 National Heart, Lung, and Blood Institute guidelines recommend the use of peak flow monitoring in moderate to severe asthmatics. However, previous studies in children have demonstrated inconsistent short-term compliance (48--80%)[@b20-ccrpm-8-2014-005],[@b21-ccrpm-8-2014-005] with daily peak flow diaries and monitoring. One study of urban black and Hispanic children ages five to nine years living in New York City (NYC) and Cleveland, OH, reported 48% compliance with daily peak flow monitoring over a three-week period.[@b21-ccrpm-8-2014-005] In contrast, a study of white children ages 6--15 years living in the Netherlands reported compliance rates as high as 80% over a one-week period with decreasing rates to 73% over a four-week period.[@b20-ccrpm-8-2014-005] Moreover, most of the studies to date focus on the use of peak flow to monitor and guide asthma management. Limited data are available on its use as an independent research tool in an adolescent population of healthy children and those with asthma.

Our goal was to quantify compliance objectively in a birth cohort of early adolescents with and without asthma, participating in an environmental exposure study in which participants conduct multiple measures (wearing equipment for personal black carbon (BC) exposure monitoring, daily PEF, and others) without direct supervision from research personnel.

Methods
=======

Description of cohort
---------------------

The Columbia Center for Children's Environmental Health (CCCEH) longitudinal birth cohort comprises African American and Dominican children in NYC, whose mothers were recruited during pregnancy to study health effects of children in an urban, minority population. Demographic characteristics of the CCCEH cohort have been published.[@b22-ccrpm-8-2014-005]--[@b24-ccrpm-8-2014-005] For the purposes of this current study, 10--13-year-old cohort participants were recruited based on physician-diagnosed asthma (target 56% asthmatics). This particular age group was selected because symptoms during early adolescence may mark progression of the disease, and tend to persist into adulthood.[@b25-ccrpm-8-2014-005],[@b26-ccrpm-8-2014-005] The longitudinal birth cohort study was conducted in accordance with Columbia University Institutional Review Board guidelines, and informed consents and assents from each participant were obtained.

Air pollution monitoring
------------------------

The children who were studied were asked to wear a vest containing a light-weight (\<300 g) microAeth air monitor (AethLabs, San Francisco, CA) for two 24-hour time periods, five days apart ([Fig. 1](#f1-ccrpm-8-2014-005){ref-type="fig"}), to measure personal exposure to the environmental pollutant BC. Instructions were to wear the vest continuously during wakeful hours and remove only while sleeping, bathing, or performing vigorous activities if not comfortable. Research assistants visited children's home on days 0 and 5 to train the children on how to use and wear the personal air pollution monitors and on days 1 and 6 to remove monitors.

PEF measurements
----------------

The children who were studied were asked to perform morning PEF once daily ([Fig. 1](#f1-ccrpm-8-2014-005){ref-type="fig"}) using a portable, electronic meter (Microlife, Clearwater, FL). On day 0, children received instruction and proper PEF technique was demonstrated. Children were asked to repeat the maneuver three times every morning for the remaining six days. The PEF monitor's internal device recorded the daily best of three PEF measurements, date, and time.

Determination of compliance and compensation
--------------------------------------------

The air pollution (BC) monitoring vest contained an accelerometer (Actical, Philips Respironics, Bend, OR). A similar waterproof accelerometer was worn continuously on the child's wrist via a hospital wrist band for six consecutive days and could not be removed by the child, thus representing a standard measurement of movement throughout the day. The accelerometers independently measured and recorded movement and energy expenditure at one-minute intervals, and data were displayed graphically by the program's software. Integrated measures of gross motor activity were compared between the two accelerometers and assessed for similar movement patterns on days 1 and 6 ([Fig. 2](#f2-ccrpm-8-2014-005){ref-type="fig"}). If movement patterns between the wrist and the vest accelerometers were concordant, as illustrated in the panel on the left of [Figure 2](#f2-ccrpm-8-2014-005){ref-type="fig"}, the child was determined to be compliant. After each 24-hour period, the child also was queried by questionnaire regarding the times the vest was not worn for verification of missing data.

A priori, participants were considered compliant if there was less than two hours of discordant data (motion detected on wrist but not vest accelerometer). If greater than two hours of discordant data was detected, questionnaires were examined and hours of discordant data were recalculated to exclude time while child was participating in vigorous activities and thus not wearing the vest.

Consistent with previous reports,[@b27-ccrpm-8-2014-005] a participant was considered compliant with PEF monitoring if he/she had at least three out of six morning PEF data (50%) over the six-day period.

Reimbursement was given to the child (\$25 gift card) and parent (\$100 cash) for study participation, independent of compliance. During consent and assent, the child was informed that he/she could earn an additional \$25 gift card for good compliance by wearing the vest. No additional reimbursement was given for compliance with PEF.

Results
=======

Compliance with personal BC exposure measure (vest)
---------------------------------------------------

Of the 54 participants studied, 48 (89%) were compliant with wearing the vest during the first 24-hour time period and 46 (85%) were compliant with both 24-hour time periods. There was no difference in compliance at either time period when stratified by diagnosis of asthma, sex, race/ethnicity, or maternal high school education at time of birth (*P* \> 0.05), as summarized in [Table 1](#t1-ccrpm-8-2014-005){ref-type="table"}.

Compliance with PEF
-------------------

Morning PEF measurements were recorded at least 50% of the time (three of six measurements) in 39 (72%) of the participants ([Fig. 3](#f3-ccrpm-8-2014-005){ref-type="fig"}). Non-asthmatic children appeared to be more compliant than asthmatic children (87 vs. 61%, *P* = 0.04). There was no significant difference in compliance with PEF when stratified by sex, race/ethnicity, or maternal high school degree at time of birth.

Discussion
==========

We found that among the 54 early adolescents studied, a majority (85%) appropriately complied with instructions to wear a vest containing a device for personal BC monitoring for two 24-hour periods. The majority (72%) also performed at least three morning PEF measures during a six-day observation period. These results suggest that urban teens were able to comply with complex research protocols in the absence of direct supervision from research personnel.

Several studies have addressed the lack of adherence to complicated medical regimens in adolescents, particularly with asthma medications.[@b1-ccrpm-8-2014-005],[@b3-ccrpm-8-2014-005],[@b28-ccrpm-8-2014-005] These suggest that early adolescents are unfavorable subjects for research studies. However, few publications to date have assessed formally compliance with non-treatment protocols such as wearing exposure monitoring equipment. Based on our findings, we argue that this age group can comply with complicated research protocols. The rate of compliance with peak flow recordings in this present study was consistent with that of Redline and colleagues who monitored electronic peak flow measurements in 58 African American and Hispanic children ages five to nine years in NYC and Cleveland, OH and found 52% missing peak flow recordings over a three-week period.[@b21-ccrpm-8-2014-005] This group, much like ours, consisted of urban minority children, though the age ranges differed. Though literature supporting the exact age when children are more or less likely to comply with medical or research regimens is sparse, Jonnason and colleagues reported decreased compliance with inhaled budesonide for treatment of asthma in 10--16-year olds compared to those of 7--9-year olds. The authors suggested that stronger parental supervision in the younger age group could be a potential cause for this difference, though this hypothesis was not explicitly measured.[@b28-ccrpm-8-2014-005]

Increased compliance with wearing the vest compared to obtaining daily morning PEF measurements could be related to reimbursement for good compliance with the former but not the later procedure. In a meta-analysis review of 39 studies that offered reimbursements for primarily psychological outcome measures, Jenkins and colleagues found a positive correlation between financial reimbursement and the number of measures conducted but not necessarily quality of measures.[@b29-ccrpm-8-2014-005] Based on our findings and that of Jenkins and colleagues, financial reimbursement for good compliance should be considered in future studies to increase compliance rates of adolescents with research protocols. Alternately, the higher compliance with vest versus PEF may be attributed to the lack of repetitive action required for wearing equipment. As Buston and Wood reported, adolescents often cited forgetfulness as a barrier to compliance;[@b3-ccrpm-8-2014-005] thus, early adolescents could be more likely to forget to perform daily repetitive PEF maneuvers. Future studies also should consider the frequency and duration of study procedures to improve compliance of adolescents with research protocols.

We acknowledge that our cohort is a highly selected sample of early adolescents who have participated in research studies since birth and provided assent. Therefore, our findings may differ in a population of adolescents who have not participated previously in research studies. Interestingly, we found slightly higher compliance with PEF monitoring in non-asthmatic compared to those of asthmatic adolescents. As Winnick et al. report, duration of therapy has been associated with decreased compliance over time and though data are limited in children, long-term compliance with peak flow monitoring is as low as 33--63% in adults.[@b27-ccrpm-8-2014-005] Perhaps, the asthmatic children in our study have been previously prescribed daily peak flow monitoring and thus, were less likely to comply with this measure than the non-asthmatic children.

The level of compliance with the environmental asthma study protocol in this early adolescent population was remarkable given the lack of direct supervision by research assistants during these tasks. Disease phenotypes including asthma often vary by age and thus, should be well characterized and studied across the spectrum of age groups. For example, adolescents with asthma symptoms that did not remit from earlier childhood may be more likely to have disease in adulthood;[@b25-ccrpm-8-2014-005],[@b26-ccrpm-8-2014-005] little is known about the mechanisms behind these phenotypic differences. Likewise, disease phenotypes vary by socioeconomic status, and asthma morbidity and mortality rates are the highest in inner-city neighborhoods.[@b30-ccrpm-8-2014-005] Our findings are highly significant and demonstrate that early adolescents living in urban environments can comply with complicated research protocols in the study of environmental exposure and asthma. Future studies should not neglect this population based on concerns of adolescent non-compliance as their participation in asthma research is important to improving our understanding of the pathogenesis of childhood asthma.
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![Timeline of study procedures. Study procedures took place over six consecutive 24-hour monitoring periods. Participants were asked to wear an Actical accelerometer to measure activity level on the wrist for six consecutive 24-hour periods. They were also asked to wear a vest, into which a similar accelerometer was built in, for two 24-hour monitoring periods, five days apart (from the start of each monitoring period). Daily morning PEF was measured on days 1--6. Each gray bar represents one 24-hour monitoring period. *D*~0~ = day 0.](ccrpm-8-2014-005f1){#f1-ccrpm-8-2014-005}

![Representation of good and poor compliance with wearing vest for monitoring. Data from wrist and vest accelerometers were visually inspected by research assistants and compared to assess for discordant movement. On the left, good compliance is represented by concordant movement of the wrist (**A**) and vest (**B**) accelerometers as opposed to poor compliance on the right demonstrating large gaps in vest activity.](ccrpm-8-2014-005f2){#f2-ccrpm-8-2014-005}

![Cumulative percentage of compliant morning PEF recordings. Compliance was defined as performing morning PEF at least three days (50%). Number of PEF recording was plotted against percentage of participants, n = 54.](ccrpm-8-2014-005f3){#f3-ccrpm-8-2014-005}

###### 

Demographic characteristics.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                                                  ALL\          ASTHMA\       NO\           *P* VALUE[\*](#tfn1-ccrpm-8-2014-005){ref-type="table-fn"}
                                                                                                                  (N = 54)      (N = 31)      ASTHMA\       
                                                                                                                                              (N = 23)      
  --------------------------------------------------------------------------------------------------------------- ------------- ------------- ------------- ------------------------------------------------------------
  Age mean (standard deviation)                                                                                   13.3 (0.60)   13.1 (0.71)   13.5 (0.31)   0.17

  Male                                                                                                            25 (46%)      14 (45%)      11 (48%)      0.85

  Race/ethnicity                                                                                                  0.67                                      

  Dominican                                                                                                       30 (56%)      18 (58%)      12 (52%)      

  African American                                                                                                24 (44%)      13 (42%)      11 (48%)      

  Maternal high school degree at time of participant's birth[\*\*](#tfn2-ccrpm-8-2014-005){ref-type="table-fn"}   33 (67%)      20 (77%)      13 (57%)      0.13
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Using Pearson's chi-square test, no difference was noted between asthma and non-asthma groups at a significance level of 0.05.

Missing data of five children.
